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ABSTRACT 1 
A dry apple product enriched with green tea (GT) extract was designed as a novel food to deliver 2 
relevant amounts of catechins. The target water activity (aw) range between 0.11 and 0.32 was 3 
chosen for the GT-fortified apple, since it corresponds to low water mobility and, consequently, 4 
maximum stability of dehydrated apples. The GT-fortified product and a control dehydrated apple 5 
product were stored in air, at 30 °C, and evaluated for color, antioxidant contents (monomeric 6 
flavan 3-ols, total procyanidins, ascorbic acid, chlorogenic acid and dihydrochalcones), ferric 7 
reducing/antioxidant power (FRAP) and 2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl radical 8 
(DPPH) scavenging capacity. 9 
After 1 month of storage at  the lowest aw level (0.11), the GT-fortified product retained 80 and 10 
100% of the initial contents of the monomeric flavan 3-ols and total procyanidins, respectively. With 11 
increasing aw level to 0.32, the stability of antioxidants slowly decreased. The addition of GT to the 12 
apple product increased the FRAP value and the DPPH scavenging capacity  by 3.6-fold and 4.6-13 
fold respectively, which remained almost unchanged during storage. The GT-fortified product was 14 
similar in color to commercially available dehydrated apples. 15 
Results highlighted some advantages of using dehydrated apples as a target for  green tea 16 
fortification, which deserve further trials to investigate potential applications for fortification of other 17 





Apple, fortification, color, FRAP, DPPH 23 
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INTRODUCTION 25 
GT is the most widely consumed  beverage in China and Japan. Knowledge of its health benefits 26 
can be traced  to China since 3000 B. C. GT has become increasingly popular worldwide, where 27 
significant scientific evidence has supported the association between its regular consumption with  28 
 3 
a reduced risk of developing various pathological conditions. In modern times, GT is considered 1 
one of the most promising dietary agents contributing to disease prevention and treatment. The 2 
mechanisms underlying these protective effects include antioxidant, anti-mutagenic, anti-diabetic, 3 
anti-inflammatory, antibacterial and antiviral properties, which have been attributed to GT flavan 3-4 
ols (Cabrera and others, 2006; Ho and others, 2009). 5 
Monomeric GT flavan 3-ols, which are referred to as catechins, include: (–)-epigallocatechin 6 
(EGC), (–)-epigallocatechin gallate (EGCG), (–)-epicatechin gallate (ECG), and (–)-epicatechin 7 
(EC). These cis compounds can reversibly convert to their epimers, i.e., (–)-gallocatechin (GC), (–8 
)-gallocatechin gallate (GCG), (–)-catechin gallate (CG), and ()-catechin (C), respectively (Chen 9 
and others, 2001). Among these compounds, EGCG is the most prevalent in GT. Moreover, EGCG 10 
only occurs in tea species, while other catechins can be found in some fruits and vegetables. Thus, 11 
EGCG is usually considered a quality indicator of GT products (Cabrera and others, 2006; Chen 12 
and others, 2001). 13 
Due to its functional properties, GT has been  used in the formulation of a variety of foods, such as 14 
bread (Wang and Zhou, 2004), extra virgin olive oil (Rosenblat and others, 2008), meat, sausages 15 
and fish (Bozkurt, 2006; Martinez and others, 2006; Perez-Mateos and others, 2006; Alghazeer 16 
and others, 2008). In this study, an innovative  dehydrated apple product was obtained by 17 
incorporating GT flavan 3-ols. It is worth noting that apples rank fourth in terms of consumption 18 
among the most important fruits worldwide  (after citrus, grapes and bananas). The world’s largest 19 
apple producer is China, followed by the US, then Turkey, Iran, Italy, France, Poland and Russia 20 
(http://www.fao.org/es/ess/top/commodity.html). Industrial processing of apples includes the 21 
production of juice, cider, and vinegar, and to a minor extent, dehydrated snacks. Apple skins, 22 
which are generated as a result of apple processing, are considered as a valuable source of 23 
phenolics, which can be extracted and used alternatively to synthetic antioxidants by the food 24 
industry (Huber and Rupasinghe, 2009). Besides development of new processing technologies 25 
(Schilling and others, 2008), the production of novel formulations of dehydrated apples as snack 26 
foods would offer new opportunities for the fruit processing industry. The quality of dry snack foods 27 
is critically dependent on  the aw level, which is related to the environmental relative humidity. 28 
 4 
Optimal crispness and texture for dehydrated foods is in the aw range of 0.1 – 0.2. Above this latter 1 
value product become flexible, and then moist and sticky (Konopacka and others, 2002). Water 2 
also acts as the main solvent of the volatile compounds, influencing flavor retention/release (Zhou 3 
and Cadwallader, 2006). As oxidation and non-enzymatic browning reactions are the major causes 4 
of degradation of dried foods, it is also particularly crucial to investigate the stability of GT 5 
antioxidants in a dry food matrix (Tsimidou and Biliaderis, 1997; Lavelli and others, 2007). In a 6 
previous study, we found that increasing aw progressively enhances antioxidant loss and color 7 
variations in dehydrated apples, with degradation rates sharply accelerating upon exposure at aw  8 
0.5 (Lavelli and Vantaggi, 2009). Therefore, the target aw range between 0.11 and 0.32 was 9 
chosen for the GT-fortified apple. The aims of this study were: (I) to evaluate the effects of GT 10 
addition on color, antioxidant content and antioxidant capacity of a dry apple-based product; (II) to 11 
evaluate the variations of these quality indices during storage of the dry product  (aw range 12 
between 0.11 and 0.32), in air at 30 °C. 13 
MATERIALS AND METHODS 14 
Chemicals 15 
The salts used to prepare saturated solutions (namely: LiCl, CH3COOK, MgCl2), the 2,2-diphenyl-16 
1-pycrylhydrazyl radical (DPPH), the ferric reducing/antioxidant power (FRAP) reagents (2,4,6-17 
tripyridyl-s-triazine, FeSO4∙7H2O, FeCl3∙6H2O), the Folin Ciocalteu reagent, the reference 18 
antioxidant 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), the standards of 19 
ascorbic acid, chlorogenic acid, phloridzin, gallic acid and caffeine were purchased from Sigma 20 
Aldrich (Milan, Italy). Standards of procyanidin B2, EC, C, EGC, EGCG, GCG and ECG were 21 
purchased from Extrasynthese (Lyon, France).  22 
 Green tea extraction 23 
Green tea (Java Green Tea, Twinings of London, UK) was purchased from a local market. Green 24 
tea infusion was prepared by extracting 25 g of dried leaves in 500 mL of deionized water, which 25 
had been previously heated to 85 °C. The mixture was maintained at 85 °C for 5 min, cooled in an 26 
ice bath and filtered through Whatman no. 4 filter paper. An aliquot of the extract was diluted 1:20 27 
(v/v) in water: methanol (95:5, v/v) containing 5% of formic acid, and analyzed for phenolic content 28 
 5 
by HPLC. Then, green tea water extract was added to apple puree as described in the following 1 
paragraph. 2 
Preparation of GT fortified and unfortified apple products 3 
Apples (var. Golden Delicious) were obtained from a local market. After sorting, 8 kg of apples 4 
were divided into two homogeneous groups by manually cutting each fruit into two parts, and 5 
collecting the two halves of the same fruit separately. Then, apple halves were cut into four slices, 6 
peeled and cored. Each half-batch was weighed, blanched and homogenized separately. 7 
Blanching was carried out by heating the apple slices in boiling water for 2 min, followed by rinsing, 8 
cooling in a water bath at 4 °C, and rinsing again. Blanched apples were ground into puree using a 9 
model K 3000 Braun Multisystem blender (Braun Electronic, Kronberg, Germany). The apple puree 10 
obtained was then weighed and its moisture content was determined. Half-batch of the apple puree 11 
had 200 g of dry solids, therefore it corresponded to four single serving portions. In fact, a portion 12 
size of 50 g d.w. is consistent with commercial single-serving dehydrated apple products available 13 
in the marketplace. The amount of GT water extract to be added to the apple puree was chosen in 14 
order to obtain in a single serving of the fortified apple product an equivalent amount of GT flavan 15 
3-ols as that present in a cup of GT infusion. The concentration of catechins in the GT extract was 16 
determined and preliminary trials were carried out to evaluate the average retention of GT 17 
catechins after freeze-drying, which  was about 80%. Based on this information, one half-batch of 18 
apple puree was added to 400 mL of GT extract, (which was expected to provide an amount of GT 19 
catechins equal to four cups of GT) mixed thoroughly and freeze-dried to obtain the GT-fortified 20 
apple product. The GT-fortified puree and the remaining half-batch were spread on stainless steel 21 
trays  to a thickness of about 1 cm and  frozen in a chamber at -45 °C. After 24 h, they were 22 
transferred to a pre-cooled freeze-drier. Freeze-drying was performed  at -45 °C for 8 h, -20 °C for 23 
24 h, 0 °C for 24 h, and 10 °C for 10 h. The chamber pressure was maintained at 0.3 mbar 24 
throughout the drying process. A Lyoflex Edwards (Crawley, UK) freeze-drier was used. 25 
Storage study 26 
Freeze-dried GT-fortified and unfortified apples were ground into powder with a model K 3000 27 
Braun Multisystem blender  and sieved (800 m). The powders were first weighed into Petri dishes 28 
 6 
(8.5 cm diameter, 0.141 g of apple product per cm2).  The dishes were then placed into air-tight 1 
plastic boxes on wire-mesh racks situated above saturated salt solutions.  The boxes were stored 2 
for 51 days at 30°C in a  thermostated cabinet. To create different relative humidity environments 3 
the following saturated salt solutions were used: LiCl (aw at 30 °C = 0.1128 ± 0.0024), CH3COOK 4 
(aw at 30 °C = 0.2161 ± 0.0053), MgCl2 (aw at 30 °C = 0.3244 ± 0.0014). The aw values of these 5 
solutions were measured as described below and were consistent with the values reported 6 
previously (Lavelli and others, 2007). Duplicate boxes were incubated for each aw level. GT-fortified 7 
and unfortified apples were periodically evaluated for antioxidant content, antioxidant capacity and 8 
color. 9 
Moisture content and aw  10 
Moisture contents of apple products were determined using a vacuum oven at 70 °C and 50 torr for 11 
18 h (Lavelli and others, 2007). Aw of apple products and saturated salt solutions was measured by 12 
a dew point hygrometer (water activity meter) (Aqualab, Decagon Devices, WA, USA).  13 
Soluble solids, pH and titratable acidity 14 
Apple products were diluted with water (0.5 g of powder in 20 mL), and the mixtures were 15 
equilibrated at 20 °C. Soluble solids were measured at 20 °C using a RFM 340 refractometer 16 
(Bellingham & Stanley Ltd, Tunbridge Wells, UK), and expressed as °Brix (grams of sucrose per 17 
100 g of dry product). The pH was determined with a model 62 pH meter (Radiometer 18 
Copenhagen, Denmark). Titratable acidity was determined by titration with 0.1 M NaOH to pH 8.1. 19 
Results were expressed as grams of malic acid per 100 g of dry product (Lavelli and Vantaggi, 20 
2009).  21 
Color 22 
Color was measured on the GT-fortified and unfortified apple products obtained as described 23 
above, and on some commercial dehydrated apples. A CR210 Chromameter (Minolta, Tokyo, 24 
Japan) was used and color was expressed as the Hunter L*, a*, and b* coordinates, representing: 25 
lightness and darkness (L*), redness (+a*), greenness (-a*), yellowness (+b*), and blueness (–b*). 26 
The chromameter was calibrated with a white standard. 27 
Triangle test 28 
 7 
Freeze-dried GT-fortified and unfortified products were placed into disposable dishes coded with 3 1 
random numbers. Each trial was composed of three samples, each with a different code. Two of 2 
the samples were the same and one was different. A  panel of thirty local adults  was asked to 3 
smell and taste each of the 3 samples and to select the sample that differed from the other 2. 4 
Sensory evaluations were conducted under red light to avoid interferences among color, aroma, 5 
flavour and taste evaluations (Meilgaard and others, 1999). 6 
Extraction procedures 7 
Three extraction procedures were applied to apple products as follows: aliquots of powders (0.5 g) 8 
were added to either 10 mL methanol, or 10 mL of acetone: water, (70:30, v/v), or 5 mL of 6% 9 
metaphosphoric acid containing 1 g/L of sodium metabisulphite (Lavelli and Vantaggi, 2009). The 10 
mixture was vortexed for 2 min and centrifuged (10000 x g for 10 min at 15 °C). The supernatant 11 
was filtered through Whatman No. 4 filter paper. 12 
HPLC Equipment 13 
The HPLC equipment consisted of a model 600 HPLC pump coupled with a model 2996 14 
photodiode array detector, operated by Empower software (Waters, Vimodrone, Italy). 15 
UV-Vis Spectrophotometer 16 
UV-vis measurements were performed on a Jasco UVDEC-610 spectrophotometer (Jasco Europe, 17 
Cremella, LC, Italy). 18 
Ascorbic acid by HPLC 19 
The ascorbic acid contents of sample extracts in 6% metaphosphoric acid containing 1 g/L of 20 
sodium metabisulphite were analysed according to an HPLC procedure described previously 21 
(Lavelli and Vantaggi, 2009). A Bio-Rad Fruit Quality Analysis column (300 x 7.8 mm i.d) was 22 
used. Chromatographic separation was performed with 1 mM H2SO4 as an eluent under isocratic 23 
conditions, 1 mL/min flow rate, at room temperature. Ascorbic acid was quantified at 245 nm using 24 
a calibration curve built with a pure standard. Concentrations were expressed as milligrams per 25 
kilogram of dry product. 26 
 8 
Phenolic Compounds by HPLC 1 
The phenolic contents of sample extracts in methanol were analyzed according to the HPLC 2 
procedure by Tomas-Barberan and others (2001) with modifications. A 250 x 4.6 mm i.d, 5µ, 3 
Symmetry reverse phase C-18 column (Waters, Vimodrone, Italy) equipped with a Symmetry C-18 4 
pre-column was used. Formic acid (5%) was added to both methanol and water before preparing 5 
the following mobile phase: water/methanol (95:5, v/v) (A); water/methanol (88:12, v/v) (B); 6 
water/methanol (20:80, v/v) (C); and methanol (D). The following gradient elution was used: 0-5 7 
min, 100% A; 5-10 min linear gradient to reach 100% B; 10-13 min 100% B; 13-35 min linear 8 
gradient to reach 75% B and 25% C; 35-50 min linear gradient to reach 50% B and 50% C; 50-52 9 
min linear gradient to reach 100% C; 52-57 min 100% C; 57-60 min 100% D. Injection volume was 10 
20 L. Flow rate was 1 mL/min. 11 
Standards of chlorogenic acid, EC, phloridzin (phloretin 2’O-glucoside) and caffeine were used to 12 
identify peaks by retention times and UV-vis spectra, and to build calibration curves for 13 
quantification. EC, phloridzin, and caffeine were quantified at 280 nm; chlorogenic acid at 330 nm. 14 
Standards of EGCG, EGC, ECG, GCG and C were used to identify peaks by retention times and 15 
UV-vis spectra. These flavan-3-ols were quantified using the calibration curve built with EC and the 16 
relative response factors reported  previously (Wang and others, 2003). A peak was tentatively 17 
assigned to phloretin 2’O-xyloglucoside based on its UV-vis spectrum and literature data, and 18 
quantified at 280 nm using the calibration curve built with phloridzin. Concentrations were 19 
expressed as milligrams per kilogram of dry product. 20 
Total procyanidins by the vanillin assay 21 
The procyanidin contents of apple extracts in acetone: water (70:30, v/v) were analyzed. For 22 
sample preparation, an aliquot of  extract (0.25 mL) was dried with nitrogen and re-dissolved into 1 23 
mL of 0.1 M phosphate buffer, pH 7.0. Then, the sample was purified with a 500 mg Sep-Pak C18 24 
cartridge (Waters, Vimodrone, Italy) and eluted with 1 mL of methanol  (Lavelli and Vantaggi, 25 
2009). To remove chlorophyll interference in the samples containing green tea, 1 mL of hexane 26 
was added to 1 mL of the purified extract and the lower phase was used for the analysis. For the 27 
vanillin assay, the reaction medium comprised 0.5 mL of sample (after Sep-Pak-purification) or 28 
 9 
standard in methanol, 1.25 mL of 1% vanillin in methanol, and 1.25 mL of 9 N H2SO4 in methanol 1 
(Sun and others, 1998). The mixture was incubated at 25 °C until the time reaching maximum 2 
absorbance at 500 nm. The maximum absorbance at 500 nm was used to quantify procyanidin 3 
content using a calibration curve built with the monomeric flavan 3-ol C. Procyanidin content was 4 
expressed as milligrams of C equivalents per kilogram of dry product. 5 
Folin Ciocalteu assay 6 
The Folin Ciocalteu assay was performed on the acetone: water (70: 30, v/v) extracts, according to 7 
a procedure described previously with slight modifications (Singleton and others, 1999). The 8 
reaction mixture contained 6 mL of distilled water, 76 μL of apple extract or 38 μL of  GT-fortified 9 
apple extract and 38 μL of acetone: water (70: 30, v/v), 380 μL Folin-Ciocalteu reagent and 1.14 10 
mL of 20% Na2CO3. Samples were incubated for 45 min at room temperature and then the 11 
absorbance was recorded at 760 nm. A calibration curve was built using gallic acid. Total phenolics 12 
were expressed as milligrams of gallic acid equivalents per kilogram of dry product.  13 
2,2-Diphenyl-1-picrylhydrazyl Radical (DPPH) Scavenging Capacity Assay. 14 
This assay was performed as described previously (Lavelli, 2000). Briefly, 1 mL of different 15 
dilutions of the sample extracts in acetone: water (70:30, v/v) was added to 2.5 mL of a 6.35 x 10-5 16 
M methanolic solution of DPPH. The decrease in absorbance was determined at 515 nm after 30 17 
min incubation at room temperature (when a constant value was reached). The percent decrease 18 
of DPPH concentration was calculated with respect to the initial value. A dose-response curve was 19 
constructed, and the amount of sample required to lower the initial DPPH concentration by 50%, 20 
I50, was interpolated. Trolox was used as a reference antioxidant. The DPPH scavenging capacity 21 
of apple powders was expressed as Trolox equivalents (TE). TE are the ratio of the I50 of Trolox 22 
(nanomoles) to the I50 of the sample (milligrams, dry weight). 23 
Ferric reducing/antioxidant power (FRAP) assay 24 
The FRAP assay was estimated on the acetone: water (70: 30, v/v) extracts, according to a 25 
procedure described previously (Benzie and Strain, 1999). Briefly, FRAP reagent was prepared by 26 
adding 25 mL of 300 mM acetate buffer, pH 3.6, 2.5 mL of 10 mM 2,4,6-tripyridyl-s-triazine in 40 27 
mM HCl and 2.5 mL of 20 mM FeCl3. The reaction mixture contained 90 μL of sample and 3 mL of 28 
 10 
FRAP reagent. The increase in absorbance at 593 nm was evaluated after 4 min of incubation at 1 
37 °C. A methanolic solution of FeSO4 was used for calibration. Results were expressed as mmol 2 
Fe(II) sulphate equivalents per kilogram of dry product. 3 
Statistical analysis 4 
Results represent the average values of at least duplicate determinations made on independent 5 
aliquots for each sample. Data regression and analysis of variance were conducted using the 6 
Statgraphics 5.1 software (STCC Inc., Rockville, MD); Fisher’s least significant difference (LSD) 7 
procedure (p < 0.05) was used to discriminate among the means. 8 
RESULTS AND DISCUSSION 9 
Initial characterization of GT-fortified and unfortified products 10 
Titratable acidity, pH, soluble solids content and equilibrium moisture content 11 
As shown in Table 1, the titratable acidity values in the GT-fortified and the unfortified product were 12 
2.76 ± 0.02 and 2.52 ± 0.05  g of malic acid/100 g d.w., respectively. On average, the soluble 13 
solids content was 75 ± 3  g of sucrose/100 g d.w. and pH was 3.65  ± 0.09 in both products.  14 
Possible effects on GT catechin stability of malic acid, glucose and fructose that are present in 15 
apples (Shilling and others, 2008), have not been investigated. It was demonstrated that in 16 
powdered GT formulations, addition of citric acid has an adverse effect on catechin stability at aw 17 
levels above 0.58, whereas below this value it has no effect (Ortiz and others, 2008). Addition of 18 
sucrose to powdered GT formulations has no significant effect on catechin stability, whatever the 19 
aw level (Chen and others, 2001; Ortiz and others, 2008). It is interesting to note that flavan 3-ol 20 
stability in solutions is highest at pH values lower than 4.0 (Chen and others, 2001), however there 21 
is no indication on the effect of pH on catechin stability under dehydrated conditions.  22 
The equilibrium moisture content of the products stored in the aw range of 0.11-0.32 did not differ 23 
significantly between the GT-fortified and unfortified apple products. Therefore, GT addition did not 24 
affect apple hygroscopicity (Table 1). 25 
Hunter colorimetric parameters and sensory evaluation   26 
The incorporation of GT slightly affected the color of the apple product (Figure 1). At the time of 27 
production, the L*, a* and b* values in the unfortified product were 79.1  0.2, -1.83  0.09, 29.5  28 
 11 
0.3. In the GT-fortified apple product the initial L*, a* and b* values were 74.3  0.3, -0.85  0.03, 1 
24.2  0.3, indicating that it was slightly darker than the apple product. A triangle test  was 2 
performed to compare the GT-fortified and unfortified apple products. Twenty-four out of thirty 3 
panellists were unable to identify the odd sample among three samples evaluated under red light 4 
(to avoid interferences among color, aroma, flavour and taste evaluation). This was an indication of 5 
no significant  difference (P > 0.05) in aroma, flavour and taste between the GT-fortified and 6 
unfortified products, i.e. the level of addition was below the sensory threshold. 7 
Antioxidant and caffeine contents 8 
The content of flavan 3-ols in the freeze-dried GT-fortified apple product is reported in Table 2. At 9 
the time of production, it can be calculated that a single serving (50 g d.w.) of this product would 10 
provide 330 mg of monomeric flavan 3-ols and 120 mg of total procyanidins. As expected, this 11 
amount was comparable to that found in a cup of tea, which is in the range of 55 – 110 mg (Reto 12 
and others, 2007). The level of caffeine in the GT-fortified apple product was 1429  54 mg/kg d.w. 13 
For the healthy adult population, moderate daily caffeine intake at a dosage level of up to 6 mg/kg 14 
of body weight is not associated with adverse health effects (Nawrot and others, 2003).  15 
The antioxidant contents of the unfortified dehydrated apple product are shown in Table 3. In this 16 
product, ascorbic acid, chlorogenic acid, dihydrochalcone, monomeric flavan 3-ol, procyanidin B2 17 
and total procyanidin contents were consistent with the levels found for fresh apple pulp, as 18 
reported in the literature (Hamauzu and others, 2005). The interactions between apple and GT 19 
phenolics is not known. Ascorbic acid, which was present in dehydrated apples, was demonstrated 20 
to decrease the stability of GT phenolics only at aw levels above 0.75 (Ortiz and others, 2008).  21 
Antioxidant capacity 22 
The antioxidant capacity values of the dehydrated apple products are shown in Table 4. These 23 
evaluations were performed in the acetone: water (70: 30, v/v) extracts, to take into account the 24 
contribution of procyanidin fraction, which is soluble in this solvent (Lavelli and Vantaggi, 2009). At 25 
the time of production, the total phenolic content of the unfortified apple product, measured by the 26 
Folin-Ciocalteu reagent, was 8116 mg of gallic acid equiv./kg d.w., which was consistent with the 27 
range found in apple pulp (Hamauzu and others, 2005). This value was much higher with respect 28 
 12 
to the sum of individual phenolics reported in Table 3. The reason for this difference could be that 1 
procyanidins and the monomeric flavan 3-ol C have much higher Folin-Ciocalteu reducing capacity 2 
than gallic acid (Spranger and others, 2008). Therefore, using gallic acid as a standard leads to an 3 
overestimation of phenolic content in apple. Furthermore, the Folin-Ciocalteu reagent is 4 
nonspecific to phenolic compounds as it can be reduced by non-phenolic compounds such as 5 
ascorbic acid (Spranger and others, 2008), which however was present in lower concentrations 6 
with respect to phenolics (Table 1). The addition of GT to the apple product increased the total 7 
phenolic content to 17118 mg gallic acid equiv./kg d.w. The DPPH scavenging capacity was 15 8 
mmol Trolox equiv./kg d.w., which was consistent with the value found in unblanched dehydrated 9 
apples (Lavelli and Vantaggi, 2009) and  increased by 4.6-fold after the addition of GT. FRAP 10 
value of the apple product was 72 mmol Fe(II) equiv./kg d.w., which was consistent with that found 11 
in apple pulp (Khanizadeh and others, 2008) and increased by 3.6-fold after the addition of GT. 12 
Variation of quality indices in apple products during storage 13 
Color variations 14 
Kinetic models were applied to study the variation of quality indices versus time for each aw level 15 
and to compare the rates of various degradation reactions (Zanoni and others, 2003). During 16 
storage of dehydrated apple products, a* increased, and b* and L* decreased in both products 17 
(Figure 1). The rates of these variations were slightly lower in the products stored at aw of 0.11 (not 18 
shown), whereas they were the same in the products stored in the aw range between 0.22 and 19 
0.32. Processing of the apple puree included a blanching step. Therefore, non-enzymatic reactions 20 
accounted for color changes. The Maillard reaction occurs in dehydrated apples (Lavelli and 21 
Vantaggi, 2009). In addition in the GT-fortified apple, brown-colored compounds could originate 22 
from oxidation and polymerization of  flavan 3-ols (Manzocco and others, 1998). On the other 23 
hand, EC and EGCG were demonstrated to act as inhibitors of the Maillard reaction during UHT 24 
processing of milk (Schamberger and Labuza, 2007). When GT was incorporated into apple, the 25 
trends of a*, b* and L* variation were similar to those of unfortified apple. The a*, b*, and L* values 26 
of the GT-fortified product were comprised in the range of  those of commercially available fresh, 27 
 13 
freeze-dried and air-dried apples both at the time of production and for the duration of the storage 1 
study.  2 
Changes in flavan 3-ol contents 3 
Antioxidant content decreased following pseudo-first order kinetics. An example of this  4 
degradation is shown in Figure 2. The pseudo-first order rate constants for antioxidant decreases 5 
were calculated (Tables 2, 3). 6 
In the GT-fortified apple product during storage at the lowest aw level (0.11), EC was the most 7 
unstable among flavan 3-ols; EGCG, EGC and ECG had similar degradation rates, whereas 8 
procyanidin B2 and total procyanidins did not show any variation (Table 2). At aw of 0.22, the rates 9 
of degradation were in general slightly higher than at aw of 0.11 but lower than at aw of 0.32 (not 10 
shown). At aw of 0.32, total procyanidin and procyanidin B2 contents also decreased at similar 11 
rates with respect to monomeric flavan 3-ols. The content of the monomeric flavan 3-ol C did not 12 
show a coherent trend of variation whatever the aw; it fluctuated around the initial value. It can be 13 
theorized that C both degraded and was formed from the degradation of other flavan 3-ols. EGCG 14 
can degrade by both epimerization to GCG and dimerization (Sang and others, 2005). However in 15 
this study, GCG content decreased. Accordingly, Friedman and others (2009) did not observe 16 
increase in GCG content concurrent with EGCG degradation in dry tea leaves. 17 
In the unfortified apple product, C, EC and procyanidin B2 contents decreased at slightly higher 18 
rates than in the GT-fortified product. However, total procyanidins degraded with the same rate as 19 
in the GT-fortified product (Table 3). 20 
Based on these degradation kinetics, the concentration of catechins remaining after 1 month of 21 
storage in the GT-fortified apple product were calculated, in order to compare the effect of the 22 
“apple matrix” with respect to other food and beverage matrices previously considered for GT 23 
incorporation (Table 2). From our results it could be calculated that after 1 month of storage at 24 
30°C at aw of  0.11, a single serving (50 g) of the fortified product could provide 267 mg of 25 
monomeric flavan 3-ols and 120 mg of procyanidins (80 and 100% of the initial contents of the 26 
monomeric flavan 3-ols and total procyanidins, respectively). After the same storage time and 27 
temperature at the highest aw level (0.32), a single serving of the fortified product could provide 28 
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252 mg of monomeric flavan 3-ols and 90 mg of procyanidins (69 and 74% of the initial contents of 1 
the monomeric flavan 3-ols and total procyanidins, respectively). In both cases antioxidant 2 
retentions can be considered good. In a previous study, very low stability has been observed for 3 
GT-flavan 3-ols in beverages stored at room temperature (Chen and others, 2001). In fact, after 4 
adding GT to various beverages, total flavan 3-ols remaining after the first month of storage at 5 
room temperature were 10-60% of the amount present initially. On the contrary, GT catechins were 6 
stable when stored for 3 months at 22°C in dry GT premixes, which were formulated for liquid 7 
beverage processing (Ortiz and others, 2008). Accordingly in this study, GT catechins were 8 
relatively stable in dehydrated apples stored at 30 °C. Differential scanning calorimetry and 9 
rheological evaluations reveal that water diffusion properties and changes in consistency, volume 10 
and shape of low-moisture apple products are small at aw levels below 0.4, being greatly enhanced 11 
in the aw range of 0.40-0.50 (Venir and others, 2007). Therefore, low mobility of the molecules in 12 
dehydrated apples (aw ≤ 0.32) could account for high stability of the product. It is also worth noting 13 
that dehydrated apples do not require any heat processing treatment, since they are 14 
microbiologically stable. Therefore, dehydrated apples are a convenient vehicle for GT 15 
incorporation, since heat treatment can produce GT catechin degradation (Chen and others, 2001).  16 
Changes in caffeine, ascorbic acid, chlorogenic acid and dihydrochalcone contents 17 
Contrary to flavan 3-ol behavior, caffeine did not show any change in concentration during storage, 18 
whatever the aw (data not shown). Ascorbic acid, chlorogenic acid and dihydrochalcone contents 19 
decreased following pseudo-first-order kinetics (Tables 2, 3). In general, the rate constants for 20 
chlorogenic acid and dihydrochalcone degradation were higher in the GT-fortified product than in 21 
the unfortified apple product. A coupled oxidation mechanism of chlorogenic acid and 22 
dihydrochalcones with flavan 3-ols might explain their higher degradation in the presence of GT 23 
catechins. At the lowest aw level (0.11), GT addition had a positive effect on ascorbic acid stability. 24 
At aw of 0.32, ascorbic acid degradation rates were the same in both products. 25 
Changes in antioxidant capacity 26 
Total phenolics measured by the Folin-Ciocalteu reagent and FRAP values of apple products 27 
remained unchanged during storage. A statistically significant variation in the DPPH scavenging 28 
 15 
capacity was observed, which decreased following a first-order kinetic model with the same rate in 1 
the aw range 0.11-0.32. The average rate constants for the decrease of DPPH scavenging capacity 2 
were -0.0085    0.0007 and -0.0039    0.0004 in the apple product and GT-fortified apple product, 3 
respectively. After 1 month of storage in this aw range at 30 °C, the residual values for DPPH 4 
scavenging capacity were 78 and 91% in the unfortified and GT-fortified product, respectively. In 5 
general, changes in the antioxidant capacity did not correlate with the decrease in concentration of 6 
the identified antioxidants. This result could be due to the brown polymers formed by the Maillard 7 
reaction, which also could possess antioxidant capacity (Nicoli and others, 1999). Furthermore in 8 
the GT-fortified product, some of the reactions causing the oxidation and polymerization of flavan 9 
3-ols may also be involved in the formation of other species that have antioxidant properties 10 
(Neilson and others, 2007). 11 
CONCLUSIONS 12 
The incorporation of GT extract in the dehydrated apple product (the same amount as that present 13 
in a cup of GT per single portion) increased by 3-5 fold the antioxidant properties of the product. 14 
Color of the GT-fortified product was within the range of commercially available dehydrated apples.  15 
Under dehydrated conditions, the interplay of different food components is dependent on both their 16 
physico-chemical properties and their interactions with available water. During storage, changes in 17 
the quality indices were minimal at the lowest aw level and slowly increased by rising aw  level from 18 
0.11 to 0.32. The GT flavan 3-ols were found to be more stable in the dehydrated  apple products 19 
stored at 30 °C than in GT-enriched beverages stored at room temperature. Low mobility of the 20 
molecules in dehydrated apples at aw ≤ 0.32 could explain the stability of incorporated GT 21 
catechins. The antioxidant capacity remained almost unchanged in the GT-fortified apple product, 22 
suggesting that GT flavan 3-ol degradation is associated with the formation of products  that help 23 
maintain the properties of the original compounds.  24 
Results highlighted some advantages of using dehydrated apples as a target for GT fortification, 25 
which deserve further trials to investigate potential applications for fortification of other dehydrated 26 
fruits. In conclusion, the novel GT-apple product would be advantageous for two reasons: (a) from 27 
an economic point of view, it would provide a greater variety of  dehydrated apple products 28 
 16 
available in the marketplace, and (b) from a nutritional perspective, since apple consumption is 1 
very high throughout the world, this novel product could offer  consumers a simple opportunity for 2 
regular consumption of GT as a healthful dietary aid. 3 
 4 
ABBREVIATIONS USED 5 
aw, water activity; (C), ()-catechin; (CG), (–)-catechin gallate; DPPH, 2,2-diphenyl pycrylhydrazyl; 6 
(EC); (–)-epicatechin; (ECG), (–)-epicatechin gallate; (EGC), (–)-epigallocatechin; (EGCG), (–)-7 
epigallocatechin gallate; FRAP, ferric reducing antioxidant power, (GC), (–)-gallocatechin; (GCG), 8 
(–)-gallocatechin gallate; GT, green tea. 9 
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FIGURE CAPTIONS  1 
Figure 1. Time course for the variation of the colorimetric parameters L*, a* and b* in the GT-2 
fortified () and unfortified () apple products during storage at aw 0.32, at 30 °C. Vertical bars 3 
represent SD. Dotted lines represent the range of variation for L*, a* and b* in market dehydrated 4 
apple products. 5 
 6 
Figure 2. Variation in epicatechin (EC) and ascorbic acid (Asc) contents, and DPPH scavenging 7 
capacity (I50) in the GT-fortified () and unfortified () apple products during storage at aw 0.32 at 8 
30 °C. Vertical bars represent SD. Fitting of data with pseudo-first-order kinetics is reported in 9 
Tables 2 - 4. 10 
11 
 22 
Table 1. pH, titratable acidity, soluble solids content and equilibrium moisture content of apple and 1 

















Different letters within the same row indicate significant differences (LSD; p < 0.05). 19 




3.58  0.01 
 
3.72  0.06 
Titratable Acidity (% malic acid d.w.) 2.52a  0.05 2.76b  0.02 
°Brix (% sucrose d.w.) 74  3 76  2 
Moisture content (%)                aw 0.11 
                                                 aw 0.22 
                                                 aw 0.32 
2.8  0.1 
4.5  0.1 
6.9  0.2 
2.6  0.4 
4.8  0.1 
7  0.2 
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average     SE   95% confidence limits 
 
Compound               Co (mg/kg d.w.)                                                                             Antioxidant degradation 
  
                                                                                                    aw 0.11                                                                         aw 0.32   
 
                                                                        k (day-1)                      C 1 mo (mg/kg d.w.)                   k (day-1)                      C 1 mo (mg/kg d.w.)     
                                                                  average     SE            95% confidence limits            average     SE            95% confidence limits 
                                                                                                   average    lower       upper                                           average    lower       upper   
EGCG 2317  63   -0.0063  0.0022 1879 1693 2087 -0.0105  0.0012 1714 1620 1812 
EGC 2066  157 -0.0070  0.0014 1628 1517 1747 -0.0091  0.0013 1558 1446 1680 
ECG 548  28 -0.0073  0.0029 419 355 494 -0.0113  0.0031 363 305 433 
GCG 542  32 -0.0038  0.0011 463 424 505 -0.0034  0.0007 475 458 492 
EC 860  42 -0.0087  0.0016 649 581 717 -0.0095  0.0007 638 614 663 
C        301  17 n.v.    n.v.    
Procyanidin  B2 507  6             n.v    -0.0111  0.0019 363 327 403 
 
Total procyanidins 2438  89 n.v.    -0.0099  0.0007 1802 1731 1876 
Ascorbic acid 120  3 -0.0053  0.0004 100 98 102 -0.0089  0.0004 92 90 93 
Chlorogenic  acid 1110  51   -0.0032  0.0012 982 921 1049    -0.0032  0.0006 981 953 1009 





Data were fitted to pseudo-first-order kinetics: ln(C) = ln(C0) + k*t. R2  0.72 ; P < 0.01 ; n.v.: no variation with respect to the value at time 0. 
 
Table 3. Initial antioxidant content (C0), rate constants for antioxidant degradation (k) and predicted values for the concentration remaining  after 1 






Compound               Co (mg/kg d.w.)                                                                             Antioxidant degradation 
  
                                                                                                    aw 0.11                                                                         aw 0.32   
 
                                                                        k (day-1)                      C 1 mo (mg/kg d.w.)                   k (day-1)                      C 1 mo (mg/kg d.w.)     
                                                                  average     SE            95% confidence limits            average     SE            95% confidence limits 
                                                                                                   average    lower       upper                                           average    lower       upper   
EC 277  18 -0.0106  0.0008 202 193 210 -0.0106  0.0008 202 193 210 
C 56  4 -0.0067  0.0010 45 42 47 -0.0221  0.0041 29 22 37 
Procyanidin  B2 498  5 n.v.    -0.0159  0.0018 304 277 333 
 
Total procyanidins 1505  257             n.v    -0.0095  0.0016 1224 1043 1437 
Ascorbic acid 118  3 -0.0071  0.0006 94 91 96 -0.0089  0.0008 89 86 92 
Chlorogenic  acid 1060  16 n.v.    -0.0016  0.0004 1007 983 1032 
Phloretin glycosides     135   10 -0.0055  0.0001 109 107 112 -0.0054  0.0007 114 111 118 
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EC 277  18 -0.0106  0.0008 202 193 210 -0.0106  0.0008 202 193 210 
C 56  4 -0.0067  0.0010 45 42 47 -0.0221  0.0041 29 22 37 
Procyanidin B2 498  5 n.v.    -0.0159  0.0018 304 277 333 
 
Total procyanidins 1505  257             n.v    -0.0095  0.0016 1224 1043 1437 
Ascorbic acid 118  3 -0.0071  0.0006 94 91 96 -0.0089  0.0008 89 86 92 
Chlorogenic  acid 1060  16 n.v.    -0.0016  0.0004 1007 983 1032 
Phloretin glycosides     135   10 -0.0055  0.0001 109 107 112 -0.0054  0.0007 114 111 118 
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Table 4. Characterization of the acetone: water (70:30, v/v) extracts of dehydrated apple and 













*These values did not change significantly during storage for 30 days at 30° C in the aw range 
0.11-0.32. 
**These values decreased by 22% (apple) and 9% (GT-apple) after storage for 30 days at 30° C 







Test system Apple 
 
GT - Apple 
 






17118  327 
DPPH scavenging assay (mmol TE/kg d.w.)**     15.5  0.5 
 
72.1  1.1 
FRAP assay (mmol Fe(II) equiv./kg d.w)*       72  5 
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